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(57) Abstract: A highly efficient vane rotary expansion engine capable of preventing an incomplete expansion loss and an overex- 
pansion loss by making variable a volume ratio, comprising a plurality of delivery holes (28, 29, 48, 49, 50) provided in cylinder 



ON 



inner walls (21a, 41a) in circumferential direction and valve mechanisms (30a, 30b, 51a, 51b, 52a, 52b), wherein the delivery holes 



(28, 48) allowed to communicate with working chambers (25, 45) at the initial stage of a delivery process are provided in cylinders 
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m IB 



5 ^mi^m 

(is m^itn^mm 57-210101 ■^&mi^mm^fix\,^^o 

15 g|Sfc(±s ^Jil®-g|57b5^> U ^i?'* 1 CDF^S 1 a h/J^Pf 2 §ff$^-r ^ Rlii 
m^(DU — ^ 3 dSfB^^ tlT ^ o D — 3 i3(i 9 0 Jg® t: 5^-e±T 
^mi^mUti:m^ a.t^W\1r ^nx\^^ o ^ 3 a 13(±^— > 4 ;&Ss — 

1 a bT l> § o f^mS 5 U > 1 ©rtS la. D-^3*5J; 

20 t>*^— > 4 * ti;/cS^ 5 as 5bs Sc. 5ds 5 e {:i?f^^$ ^ o 

^> U 1 (3{if^lij^ 5 fc-ftlJ^ft^^^^X^^^ilRXyLT hs 

^) y^ i<D)^mi a-\zn\^x^^mi3n(D^mxmu^^^ 

25 UPglS 8 a;?)S8§;{j-e,tiTV^^o H PgP 8 a ^ISflt ^ ISffliis ^ — 

> 4 CD>^^ ^ni:1-^^s fhW.n 2 ^ y Y Q (D ^^XmTMUIS 
[rHh { 1 8 0 X ( 1 + 1/n)} ^(D\iLW^Zi^^ ?3^ /J^Pf ^ 2 
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Oh. p±m?L 8 ^ e^^ism bfe#i&m#;^— ^p±m^ i i ttm 

fST bT < Mn. T^to^s liSSiae^ff o o ftSJ^ 5 It^m 5c® 
TP — ^3*lllte^-yrs P— ^$^3 t—i^lzm-^^fifai^^ y h 6 ©Ulte 

j^ji±cD«^^*-r^t^*©^-> p-^ u fi^55^{3:fev^T {is mxm 

Vbs V c iiJi^5i«fcia*-C-fe ^ ^c^s ^^it (Vb/Vc) It-^h 
0j±;b(ii!aAJ£:>b P s T^fe ^ ^ iis 5^ (1) ®Hf^:bs^D 
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P C = P S X 



tc 



( 1 ) 



nj^Xffi±/P s h^^irb (Vb/Vc) {dckD^s^S^o b^^bs I^Siam 

-^^^±PS^>^=^V^o ^^oTs ^^05R (Pc = Pd) Ji^^tc, ^^^li 
Si (P c > P d )s ^ V^^i. jliliSg ( P c < P d ) yb^^C ^ 

HI 5 A~ 5 B \z.\^m^ SOPV^m^^folllS Att^^^liSS ( P 
c > P d ) cD:®^^^n bs m 5 B {i5iJ^5R ( P c < P d ) ©W^^^fo 

^^^Jii5s (Pc>pd) ©^-^^msA^fflv^Ti^B^-r^o nj^xai 

®{iABT'fe!5s #l&^5{is i^AffiiJ P s V b *T-tiin b^ 
dS5>. DiS^X?L7 cfc f3#lii:^#;§l!&XT^o E3S3®@{*B C-Cfe t)s #ttr 

^ 5 rt§|ScDft»J^^#:{iff* P c s V c ^-trtrHI^JiiSS-r C-^fift 

^-r^^s f^ltf^ 5 {illtfcB?L8 ©ISPgP 8 a ii^aM-r^o # 
aj^5®J£;^Pciis ^^^J^5i® fe«)n±m^ 1 l®JE±fPdJ;t)^l^ 

f^i&g 5 {i^^Asv c — ^s m;dd5P c }{)^ ^ P d^hfST 
■r^o eitl{iE15ACDCF{3>li^-r^o BimT^^iiF GT-fe D s 

5 {is p±mjBE±? p d e> fo Ji;i±©5i@-eiigg«:6s#feift±j{i 

A B C F GcD®«fc;|i^ -r ^ o — ^^E5S (Pc = Pd) }bsfTt>tL 



{i C E F CDSa^-ffi^-r ^^^^liSail^^s^^ bfc 13:^:3 o 

^J^fcs jiliSi ( P c < P d) CD^-^^IH 5B§ffiV^Ti&0^Tao D^X 
a^@i±ABT»^ D s #l&^5^s l^Aff:bP s T^^^^ V b ^T-tiSn b 



wo 03/089766 



PCT/JP03/04928 



4 

aj^ 5 p*3g|5®f^S(j^^#;(iJ±;t; P c s §fl V c ^ t if iyiSi-T ^ o C t! 
-r^^s 5 ^ttm?L 8 cDliP^ 8 a Jl^MT ^ o i ® ^ s 5®J^ 

oT^ 5 ti^^^s V c -e — ^® S JE;b*5p c >?p & P d 

iar^o ititiia 5 BCD C H l3;f:M^-r §o n±m?i^{^ H J D s -f^tlJ 

{icitie>®^"efe^o — ^^jg^m (Pc = pd) ^^ffctifem-^i- 
^te)ti^«j;fj{*ABi J cz)®«{:iffi^-r ^^oT^ m^mm-^\-^ i h c 

20 MI:^l^]^;I1ti^^D^±m?L^i9:(t^ mmtt'^n'^hXyXmiom^-^M < r ^ 
t). ^^^^-^->n-^ UI^5g^^*i#tT§ ch^Bfi^hT^o 

^ ® H ^ 
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5 

® — SRib^HUlBSy U > ^^F^a ^ /J^Pt^^Jf^fifel" ^ D - ^ h^ BulBD - {3 

B± m ?L |sl # m ^ i:: b T ^ M -r S n± m ?L e, ^ ^ 1ft if c?) B± m ?L ^ ^ 

HuSBgl5!Jl-?*Mt-^tti:m?L{±s tu IB /J^ P:i ^ lu f 3 7 hOUIfeT^Iql 
fcB&{180x(l + l/ n)} Jg©j4g©BuiBi> U > ^5^* {3 IS; ^ J: % 

iz^ HuiBm^bT^a-r ^ p±m?L^i^ Hufa/M5ir^:f)^e>BaiBs/-v:7 h©® 

20 fe;^|qItiB& {180X (l + l/ n)}Jg^ej36 0 Jg©^® BuIBSy U > 

sfes 2^BH^0^— > D — ^ BuiBsiofcp^a-r ^ titm?L 

h mflBm^ bT^MT^ P±m?L©^^ e> tJ^ic/*) b < (ituIB^^ bt^g 
M-r ^ili:m?LI^±{3^S tifclufBSy U > ^©fflB :7 h © Ji D © * 
25 ( 3 6 0/n) JgWTT'S)^ t :&#i!(J:-r^o 
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H m -e D s 

(HJScDff^SI 1 ) 

m 1 tt^ifSi®?!^^ 1 >D — ^ ij i^5S^®^iif®iiiT'fe ^ o 2 1 

'J •ydr2 1 CDF^^ 2 1a hfhm^ 2 2 5^^^^^ ^ P3a?f^4^® n - 2 3 
*siS^^ V^ P — ^§^2 313 1*9 0]^©^: ^T*±T^Hl-Sil5& 
^2 3 a.tm\y ^nX\^^o ^23 afc{i^-> 2 Ai^^ — S^fiJ^ 
miilSftt-*fX^tL-C*5t)s ^— >2 4cD'flk5if±^>U>^'2 1©I^^2 
laaiSbTV>^o #1&^2 5{*s >^*2 l©P«gM2 1 a. D-^J' 

2 3:fe<tIF^— > 24tHStlfc^^25as 25b^ 2 5cs 25d^ 
2 5 e t^B^^^^o i/-v:7h2 6(±n-^23 i: — fi^ ?F^^ ^ tis 
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©P±m?L28s ^2®P±m?L29d5^{te)tiTV^ao ^lcDP±m?L28 
{is 2 4 ©Jfe^Cit* n ^-r ^ ils /J^Pf ^ ( D-^ 2 3 ^ U X^^^rt 

S 2 1 a i:CDPt^ybSg,J^® jig) 2 2>b>&S>^r:7 b 2 6®^^T-:^TI1I 
fep^|ql{c{180x (1 + lXn)} Jg®^ug{::|S(t ^tiX^^^o m 1 
it. ^— >24d54*5C2&®-^s 2 2 5jS(Z){ug-r'fe^o ^tzs m 1(DU± 
tH?L 2 Si:: {is U — K>'^;v >^ 3 0 ah y X b >^ r 3 0 b fig ^ 
;i/:7^a«/bsilx. ^ o ^ 2 ®B±m?L 2 9 {is />Pt^ 2 2 O^ifi^K: 

^{t6>tlT:feDs A^^s ^ 2 ©P±m?L 2 9 ©-g|S:bS/jNPf;F^ 2 2 e> 
7h2 6(Dlll^:?^|qll33 15 Jft©^55[«>&^tf?1^4^h bT:i3 D s 
«{iil;?. ?>tbTV^:^VNo :^*5s M2 CDP±m?L2 9 ® j4S {i ^ 0 ^ D T- {i 
;^<s ^Is M2©B±m?L2 8s 2 9®rB^cDi^U>^'2 lcDP*9M2 la 
7 h 2 6 D ® ftiiC^:^^^ ^— > 2 4 ©fe^^ n*ScJiT^ J: (3 
6 0 / n) mHiT'^^ D s A^-^s ^ 2 ©n±tB?L 2 9 ;bs,jN|jj^^ 2 2 ©^fi^ 

DJ^A?L2 7 {is liSi^d^ia^jiSH^ ^>:^^^'C'^^^^^^^J5S^5ai:b© 

2 5T'fe^§g^2 5 b©^5»V b h^^S>^^©#»I^ 2 5 1!$) 
^^^25 c ©^fi V c ( 2 ) ©Mf^^ito J;o^^iLe{ciS(t^o 

Vb = VcX K (2) 

V.R max _J 

fjL^. lSS^A3a@I^TBt©#m^ 2 5 -tr$)^^F^ 2 5 b ©^^ V b {is 
IKX?L 2 7 ©^ig^/J^Pf ^ 2 2 l3?£-^{t ^ ^i/J^^ < ^ D s ^^^{t § h:;^ 
^ < :fe:|,o ±fB^ ( 2 ) ^«fe-r J; a :&{4m{::lKA?L 27<^iS{t§:iai 

13 J; s ( p c > p d ) ^ ■r^ 'B\^mt^ ( p c < p 
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p^^izmRA^i 2 7 izwmm.i^^m < m.xmm 3 2 mis m2 ®p± 
m?L2 8. 2 9 fe^m bfe#aj^#:^-s^;t ^f!±m^ 3 3 B±m 

bTiiB^-r^o 1212 i±mM(DmM 1 cd^— >d — ^ ';j3i5s«cD#ib 

m.2 6 (DFVmm^^^o i¥W}M2 5 ^±/J^|Si^ 2 2C7)IKA?L2 7 {11©^ 
^25 al?^fiS^-r ^ o ^©f^s D-^$^ 2 3 ®|l!^^3#V^^||%iiSP b-o 
Pi^A?L 2 7 e> ]SffiiBiJ©iI* P s cD#ltl^#^i!RAt- ^?iSs "T^ 
t)t.s nj^X3^@^=fT^ o l®X?©@(il2l 2 ® A B {:iffi^-r ^ o 2 5 

i^&m2 5 bcD{4gfc3S-r^ m.x^i2 i tcDrnMifimtanxmrn^ 
i±m2 (DB cizmmr^ o #«i^2 5 j*^^ 2 5 c (Di^Lm-^^m^m:^ 

^(D^m±s HI 2 CD C bs fNS^ 2 5 ©JE^ P c 7?)5P±mjE±? P 

d J; ^3 < ^ ^bts u-^ 2 3i:^mti^lz 

IlI^bfcP^^ S^2 5 c l^.-ffie-r 2 5 {in l©ltl:m?L2 

r ^ o ^ i T s ^ 1 © P± m?L 2 8 i3 >J — F >^ 3 0 a ^ IS {ttV^ 
Tfe (t «\ H P d©P±m^3 3 i:f*hWW]M2 5 fcf^i&^ft^A^^tiji^N 
^mt^V c-t!-'^©**#l!j^2 5®ffi;bib5P cA^6)Pd ST±#-r ^ o 
Ttjitoio, HI 2 © C e, H i^^firt- ^ o b^)^b^ :$:^Ji©?f^^ T- tt> ^ 
1 ©tthmfL 2 8 id U — F^^Vl/:7'3 0 a ^IS{tT*5 |3 ^ U — F^WV:7* 3 0 
a {iiitm^ 3 3 ©BE±jP d h-ftlb^ 2 5 ©jE:t/ P c ©J±:t;M{c J: D ^ 1 
©Iti:m?L 2 8 bT ^ fei&s RttB^ 3 3 ^f^ftj^ 2 5 tf^ltJ^lK^ 
/bs^tijitf :iJl^l^±T^#ao ^©fts #«J^2 5{is D-^3©|l]fe 
^;I#V^^«^^ii>^■&T t9> < S 1 © R± ffi ?L 2 8 ^ U - hV^Vl/ 3 0 
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itmxim 2 (DC B^m-^X±^T ^ o ^LTs #«I^2 5 (DS.±lt^ P d 

®Ill^^3#v^#«J^ 2 5 {±§f*^M^i>^ -^-o-Q. m 1 <z)P±m?L 2 8 

t T^«j-r 1 ®P±m?L 2 8 i:cD®ffl/?)S^ < ^e^*^ ^2 ®B±m 

?L 2 9 ® — g|5 /jN 2 2ii>hiy^y h 2 6 ® HI ^ :^ tnl I- 3 1 5 JS ® {4 
gs t-^*3t»s n|5ci:-r ^ M 1 © b± m?L 2 8 ^- > 2 

40tr>3/^T-$)^ (3 6 0/n) Jg M ^ IrI I- ^» b fe teg ^ 
>|^Jibfefei?)s fis«J^2 5;b^^®ttl:m{i^2®B±m?L2 9 Tb^^jIK^bT 

ff t» s o 0± mass aEi2(DiJic:^i^-r^o 

-^2 3CD|11^^3#V^^ SF^2 5d i^teg-r 2 5J:Ml®R±m 

?L 2 8 h(D^m.i^mf^tix^^ ifeo— :&®ii2©iii:m?L2 9 hsai-^ 

fcJ?). tti:m?i@®#ill^ 2 5 e>#i&«*^«^*5B±m-e < Jfe ^ ^ ^ 
jhT-# ^^:fes ^ 1 s ^ 2 ®q±m?L 2 8 . 2 9 {ii/ U >^*2 1 
e, JPX f ^ =3r U 5^ -C- J: < s ® ^ - > D - ^ ij (3 1^ T :^ U > 

^ 1 ©F^M 1 a l;:B±m?L 80l|PgP8 a^ig(t§J;D SPXdsffi#-?! 

s fe. mi. m2 ®B±m?L 28.29 cd^® u >y 2 1 ® p«3S-2 1 

a®i>^7 V 2 (D^i^^ni^. ^— > 2 4^ n;Ki:f ^ ^(360 

/n) Jgii^T"t?feD. ib^'O. ^2®n±m?L2 9>f>S/jNPt^2 2 ®7£^^^ 

tfJ;■5^-lll^ ^2®B±m?L 2 8. 2 9§i3gbfeei^i-j;!5s Rtmas 

@®#ttS2 5(±^^:&<^-femis ll2®B±m?L 2 8. 2 9®V^-rtl^^ 
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^ s H 1 ® P± m ?L 2 8 {3 i; — F ^-^w :7* 3 0 a. h^'ijiy :^ h y° 3 0 

^ ij - F >^ 3 0 a Ji/^;^ b >^ 3 0 b ^^.'n';^^^ 
«§^l®P±m?L2 8{C(Ds^11x.s ^2®P±m?L2 9{3{iDi^7&:<T% 

Sfes 0 1 ®P±m?L2 8 ^fhmm 22ti^^iy^yh26 ®tlI^:^lRlfc 
{180X (l + l/ n)}S®{ig{ciS(tfeClh{cJ:Ds f1slil^25(D 
^«:b5g^^7& o fcifi^lc^ 1 ®R±m?L 2 8 i:®® bs 05SJ:bR m a x 
^i^'c^ < t ^ ^ o 

(^JS®?i^^ 2 ) 

m 3 {±iiste®jF^?j 2 ©-^->n-^ ^) w^mm(Dmmmm'^ ^ ^ o 4 i 

1^114 1 a ^Wt-^ U >i5^*-efe D s ^cDi:T$^{-(*ffl'Jfe ( El 
^^Jr-r) >?)5^{t e>n"CV^§o i^U >^4 l©F^gPl;:{±s ^m(D — ^t^iy 
i; >^"4 1 CD|^M4 1 a ^4 2 ^B^t" ^ RttJF^t^® P - ^ 4 3 

jb^ia^^ tit V^ § o D-^ 4 3 6 0 ® b° ^ T ±T ^i® ^ ifi ^ 
^4 3 Q. f^mi-f ^tiX\^^o m4 3 a,^l±^-> 4 4i^. ^0-«{|iJ^ 
jfI/jg:£J3^X^nT:fe^)s ^- > 4 4 (D^^l±-> V >V4 1 ©P«3M 4 
1 a i:^bTV^;g)o Wm^4 5 (is ^> U > 4 1 cDl^li4 1 as P— ^ 
4 3:fecfct>*^— >44l;:ffl^tbfeS^4 5 as 4 5bs 4 5 Cs 4 5 ds 
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4 5es 45 fs 4 5 slzM^^n^o ^^yh46\tu— ^43h — 

^4 5 Izi^mmi^^iMX^ ^WlX^L4 7 hs Wmm.4 5 ifi^i'fmm.i^ 
^mm^'^^mi. m2. ^3©lti:m?L48. 49s 50 t^m\-f ^ tlX 
5 V^:g)o m 1 ®B±m?L4 8 tts ^B®?f^«l 1 hisllts 4 4®*5cm^ 

ni:f^^N /jNPf^4 2^>6)S>'-y7h4 6®^Ep-e^-r[Ilfe;&[Rli- {1 
SOX (1 + 1/ n)} J^cD^igi^^lt &tLTV^^o Hi 3 7? {A. 4 

4 6 *$C^CDT% 2 1 0 JgO'fiM-tffe ^ o * fes ^ 1 ®B±m?L 4 8 J3{is 
i; _ )c ;y y 5 1 a ^ ;i/ y h 7° 5 1 b ?5 ^ ^ ^-^Vl/ :7'«;^ ii x. 

10 e> tlT V> ;|)o ^ 2 ©P±m?L 4 9 {is 2 7 0 Jgl^lSlt D s IS C < s 

ij _ 5 2 a h r 5 2 b ;b> ^ ^ ^ 

e> nx ^ o ^3 ®p±m?L 5 o 33 omi^mi-f ^tix^ ^ . nn^f 

^«{±1S^ e> tlT V^^V^o ^43s Il2s ||3®P±m?L4 9 . 5 0 
\±^(DWOX\±f^<. ^Is ^2s ^3®ttm?L48s 49. 5 0 ®^ 
15 ®->U>^*4 l©l^g4 1 a®S^^7 h4 6®Mtl®4"^l^:^^^ ^— > 
44^n;Kil-rS^ (3 6 0/ n) SJ-:i.T-efeDs d^-::^s ll3©n±m?L 

5 0 ^ 4 2 ©3£f^^#46« J:V^o 

20 tb b T < o 

Jte©BSi 1 ^«l^|el^"t?fe D . HSX^a^s mWi^U. SBEIiTi®. fttm 

2^I^SS©?BilT»(*> 4 4 ©IJc^^ 6 *JCJ3 bfc c ^ t:: cfc D s ii&A 

25 ?L4 7 ©teS^^Si©?F^^ 1 ©"^§1?^ 2 7 ©{iSiilS b bfem-^s ^ 

m(DJ^m 1 ©4*$c©m^J: ^ PRA3l@^Tifift©#iti^4 5 

4 5 b ©^^v b ii±mMmmi^Mm(Di'^m^4 5 ^^p^ 4 
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5 dommv d(DitX'^:^mmth (vd/vb) < -r^ ^ J^^^-e 

m?L48s 49. 50cD^©$/U>^'41©l^ig41a©->-¥7h46 
D ® FtiiC^^ Jb^s ^— > 4 4 ^n^tt ^ h (3 6 0/ n) miiXTX 
^Ds ^3®P±m?L5 0^/jNP:^^42 (D^mt I, :i h iz y) ^ 

D-^4 3©|ilfe{^'^^V^. ^^4 5 e Iz&imir ^ i^^mm 4 5 tmi(D\it 
m?L4 8 hcDrnM-^mtzti^mizm 2®P±m?L4 9JiSaibs iHlilJc:. 

m 2 ®p±m?L4 9 iKDmrni^mtzti^mizm 3 ©p±m?L 5 0 h^mr^ 

^— > 4 4 6 ^CDm^T- <fe> ttm5i@®^4't#»I^4 

^^o^l^S2.^3©P±m?L48s 49s 50{i:^U>^'41 iSl^gP 

S s ^ 1 © R± m ?L 4 8 til u — F ^-^^ ;v 5 1 a ^ ;i/ h y 5 1 
b ^)^6>^^^^V^:7^aa^s ^ 2 ©P±m?L4 9 t3 U - F^^Vl/^ 5 2 a.t^'i 

J!i Si 1^ II ^ 3i ^ tL :^ 7^ A ^ a ^ ti ^ 0 5S J:b © ^ <b 15 H *s ^ # V ^ 
^^5l5©li3S«T*^CTV^fe5iJ^5g^«^^*^D■r^ D-^ 
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BMMU {m2 CD c 1 izmm) t^ui ts^^o-^. ^i®p±m?L4 8cD^ 

{3 i; _ t?7S{;v:/ 5 1a V ^i; r 5 lb ^ ^1) ^^Vl/ 7"^;^ ^ IS 

IttvJ^^ < s ^ 2 ©lti:l±l?L 4 9 CD U - >^ 5 2 a b y r 

M bT V^ ^ o 

J^J^T (n=^->*5cii:) Jibs ifi-:>s ttm?L® 1 "C. 
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